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DISTRIBUTION OF SURFICIAL SEDIMENTS IN OHIO’S NEARSHORE
(LAKE ERIE) AS INTERPRETED FROM SIDE SCAN SONAR AND 3.5 KHZ
| SUBBOTTOM DATA |

Jonathan A. Fuller

ABSTRACT
Side scan sonar and 3.5 kHz subbottom data were collected along 1,570 km of tracklines
from 1993 to 1995. Interpretations of the data were used to map the distribution of
nearshore surficial sediments between 500 meters and 3.5 kilometers from shore.
Sediment distribution mapping was extended to shore using interpretations of surficial
sediments »from bathymetric profiles that wer;: run in the 1970’s from the shore out to 600

m.

Interpretation of the side scan sonar and 3.5 kHz sﬁbbottom records delineated five
acoustic backscatter classes that generally correlate with five different sediment types.
From the Ohio-Pennsylvania state line to Fairport Harbor and from the west side of the
Cleveland harbor complex to Ceylon, rock dorlninates the lakekbed of the inner half of the
m‘apped‘area and mud or sandy rriud dominates the outer half of the mapped area. The
inner half of the mapped area from Fairport Harbor to Euclid is dorhinated by till and lake |
clays and the offshore half is dominated by sand. Because of the nature of side scan

sonar to “see” only the surface, some of the sand and sandy mud areas may be thin

veneers over till and lake clays deposits. Data interpretations of the 3.5 kHz reflection

record re-enforce the veneer interpfetation. From Euclid to the west side of the Cleveland
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harbor complex, the bottom is mostly sand and sandy mud exposed in about equal
distribution. The inner quarter of the n‘lapped’ area from Ceylon to Marblehead is
dominated by mud, éandy mud, and sand; there are <;nly small outcrops of till ;.nd lake
clays or rock. Mud predominates in the outer thfee ‘quarters ‘of the mapped area. The -
shortk section of coast from Marblehead to the west side of Catawbé Island is a complex of
all bottom types with none dominant. The reach from the west side of Catawba Island to

Little Cedar Point (near Toledo) is dominated by sandy mud and mud in the outer three

~ quarters of the mapped area and till and lake clays along the inner quarter. Here again,

the sediment cm)er over the till and lake clays is probably a thin lag deposit as suggested
by interptetation of the 3.5 kHz data. The nearshore profiles show that narrow deposits
of sand exist along most of the shore edge of the mapped area and in some areas, are

exposed as beaches.

Some general correlations seem to exist between the nearshore sediment distribution and
the bluff recession. Where the bluff is rock recession rates are low and there was little
correlation with the nearshore sediments. ‘Where the bluff is till or till related deposits

that are erodible, the recession rates seem to be lower where rock dominates the inner half

of the mapped area.

INTRODUCTION

Pgrgoge ‘

- The area mapped lies between the offshore area mapped by Foster and others (1995) and

Fuller and others, (1995), and the shoreline. The mapped area includes data, from the area

mapped by Carter (1976), Benson (1978), Carter and Guy (1980 and 1983), Guy (1995)
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which extends out from the shoreline to about 600 m. The information gathered here will

assist with studies related to sediment budget, nearshore downcutting and habitat.

1

Geomorphic Setting
Lake Erie is the shallowest of the Great Lakes and is divided morphologically into three
basins. The western basin is the shallowest (average 7 m deep); the largest, the central

basin, averages 19 m deep; the eastern basin is the deepest (average 25 m deep). Ohio

)

- waters include a large part of the western and central basins (fig. 1). Bluffs along the

* mainland shore range in height from >20 m to <0.5 m. They are composed of rock (shale

or carbonate), glacial deposits (ranging from till to lake clays), and recent deposits that
range from mud to nearshore sands including the beach/bar system. Beach widths range

from zero to several hundred meters in width. In some areas where rock makes up the

shore beaches are absent and water depths at the shoreline can be as much as several

meters.

Since the 1940’s much of the coast has been modified by shore{arotection structures.

This process began at the major harbors in the 1800’s with construction of harbor jetties

 and dredging activities. Modification and maintenance of harbor structures continue to

the present day. Carter and others (1981) reported that in 1876-1877 there were about 60

structures protecting about 2% of the shore. In the 1940’s the numbers had increased to

~ about 1,400 structures with 12% of the shore protected by a dense concentration of

structures. The last databreported by Carter and others (1981) were for the mid 1970’s

- when there were about 3,600 structures with 25% of the shore fronted by a dense




concentration of structures. Increases in the number of smaller open-coast shore
protection structures in the 1950’s, 1970’s, and 1980°s correspond to times of high 1ai<e
levels and coastal development (Carter, 1976; Benson, 1978; Carter and Guy, 1980,

1983; Carter and others, 1981, 1986). .

Geologic Setting
The Ohio portion of Lake Erie lies on the gently eastward dipping flank of the Findlay
Arch. Bedrock underlying and exposed in the western basin is Upper Silurian and

Devonian carbonates. Bedrock exposed along the central basin bluff in Ohio (east of

Sandusky) is Devonian shale.

The Late Wisconsinan glacial and postglacial history of the region has been summarized

by Lewis (1969), White (1982), Barnett (1985), Calkin and Feenstra (1985), Coakley and

Lewis (1985), Fullerton and others (1991), Szabo (1992)~and many others. At least three
major: ice sheets covered the area. The earliest late-Wisconsinan proglacial lake in the |

Erie Basin formed ab’out 14,000 yr. BP as the Erie and Huron lobes of the Laurentid¢ ice
shcet retreated eastward and nbrthwa;d out of the basin. These proglacial lakes occupied
more and more of the Erie Basin as the glacial’ice front rétreated until about 12,400 yr.

BP when the ice left the lake drainage basin.

The postglacial lake stages beganbwith the formation of Early Lake Erie (Calkin and

Feenstra, 1985) in the central part of the eastern basin about 12,400 yr. BP (about 35 m

below present lake levels). Several curves have been proposed to show how the elevation
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of the lake rose from Early Lake Erie to modern Lake Erie (Lewis, 1969; B;meft, 1985;

Coakley and Léwis, 1985). All these curves show an early rapid rise in elevation of the
laké due to rebounding of the isostatically depressed Niagara Escarpment between 12,400
and 10,000 yr. BP. The curves show different possible histories for lake-level recovery
within the past 10,000 years, but each includes a rapid rise in wateir level about 4,000 yr.
BP. This rise has been attributed to the return of the upper lakes’ drainage to the Erie
Basin Co’akIey and Lewis (1985) and may have resulted in a lake level higher than that of

the present lake Barnett (1985).

P.revious‘work

Most of the studies that included n¢arsh0re sediment distributions along the Ohio shore of
Lake Erie have been have been concerned with the aréa within about 600 m of shore

(U.S. Army Corps of Engineefs, 1945, 19504, 19‘50b, 1952a, 1952b, 1953a, 1953b,
1953c¢, 1954, 1961; Carter, 1976; Bensbn, 1978;'Carter and Guy, 1980, 1983). Studies of

a more regional scope that also provide information about nearshore sediments include

* Pincus (1960), Hartley (1961a, 1961b), Sly and Lewis (1972), Sly (1976), and Bolsenga

and Herdendorf (1993). -Site-épécific reports 'inclfude descriptions of the nearshore
sediments in their respéctive areas (e.g., Herdendorf and Braidech, 1972, Guy, 1983).
Herdendorf and others (19’7 8) compiled maps and sediment data summarizing much of

the Ohio Geological Survey’s (OGS) sample data, including those on which the Hartley.

(1961a, 1961b) maps were based. ' Interpretations of recently collected open lake side

scan sdri}ar‘data were plotted by Foster andk others (1995) on the Hartléy (19612, 1961b)

lake sediment maps.




Nearshore shallow seismic-reflection surveys along the southern shore of Lake Erie
(Michigan to New York) were carried out jointly by the U.S. Army Corps of Engineers

(USACE) and the OGS (Carter and‘ others, 1982, and Williams and Meisburger, 1982) as

_ part of the ICONS nearshore sand supply studies. In addition a repbrt by Fuller and

others (1995) included interpretations of high frequency seismic data from the offshore

areas of Ohio as part of a framework study for the USGS cooperative program.

METHODS
Side écan sonar and 3.5 kHz data were colleéted along 1,570 km of tracklines. There
were five tracklines laid out parallel to the shoreline from the Pennsylvania state line to
Little Cedar Point near Maumee Bay (maps 1 té 16). These five lines were spaced
nominally at 0.6, 1.4, 2.2, 2.5, and 3.2 km from shore. The trackline closest to shore (0.6
km) connected.the.offshore ends. of shore-normal bathymetric profiles, spaced.1.6 km
apart, that extend 600 m from shore. The shore-normal proﬁlgs are referenced to survey
monuments esfcablished between 1948 and 1952 as part of a USACE/OGS cooperative

coastal erosion study (U.S. Army Corps of Engineers, 1945, 1950a, 1950b, 1952a, 1952b,

- 1953a, 1953b, 1953c, 1954, 1_961\). A sixth shore-parallyel trackline was subsequently

added at a distance of 300 m from shore. This trackline extended from the Ohio-

Pennsylvania border to the east end of the Cleveland harbor complex.

Side scan sonar records, supplemented by 3.5 kHz single-channel seismic reflection

records, provided the majority of the data for the construction of the maps (1-16).



Nearshore bathymetric profiles run for the OGS county shore erosion reports (Carter,
1976; Benson, 1978; Carter and Guy, 1980, 1983) were used to map from the shoreline

out to-600 m offshore. Interpretations from the historical nearshore bathymetric profiles

were modified by interpretations of the side scan data provided by the line run 300 m

from shore where ever possible. Interpreted sediment contacts from the side scan sonar
records and the county erosion report maps were transferred to expanded navigation

sheets (nominal scale 1:50,000) to produce the maps in this report.

All of the tracklines except the one 300 meters from shore were run from the Ohio

Geological Sﬁrvey’s 15-m research vessel, the R’V GS-1. The 300 m trackline was run

- from the R/V GS-3, an 8-m vessel deSigned for shallow-water work (Liebenthal and

Fuller, 1996). A cruise summary is included in table i, the equipment used and typical

' cruise set-up are summarized in table 2.

RESULTS AND DISCUSSION -
Five classes of acoustic béckscatter' (table 3) were _idenﬁfied ar.ld\rhappe'd based on the
interpretation bf the side scan sonar and 3.5 kHz seismic records. Thé side scan sonar
interprgtation wés cross-éhecked w1th published and unpublished descriptions of |
previously recovered bottom samples and video coverage. This §ompérison resulted in
the d¢velopment ofa cdrrélation bétween_ bottom Scdiment type and acoustic return that is

presented in table 3. Examples of these correlations are shown in figures 2 through 6.

The mapping presented here agreés well with previous interpretations (for example,

Pincus, 1960; Sly 1976; Carter and Guy, 1980, 1983), but adds considerable new detail.




Also incorporated into this nearshore interpretation are data from more detailed studies of
bedrock’ in the nearshore, such as those by Pincus (1960), Carter (1976), Carter and others
(1982), Carter and Guy (1983), and the compilaﬁon of lake samples by Herdendorf and
others (1978), as well as information from Byron Stone, Gerald Smdeler (USGS) énd'

Richard Pavey (OGS) (personal communication 1995).

Maps of the surficial deposits from Pennsylvania to F airport Harbor (maps 1-4) show that
there is a very narrow sand beaéh/bar system. Lakeward of the sand beach/bar system,
rock extends offshore to near the IO-Ih contour. Lakeward of the rock and in the
Conneaut and Ashtabula harbor areas, muddy sand and mud are dominant. The
dominance of unconsolidated sediment in the harbors é.ppears tobeduetoa combihation
of modern fluvial deposits, and littoral drift accur_nuiation due to harbor protectién

structures..

The reach from Pénnsylvaﬁia to just east of .Fairport Harbor can be generally

characterized as high ti’ll bluffs exposed to storm winds that have a long fetch from the

northeast through the west. The narrow (200 to 300 meters wide) sand beach/bar system

has a rough rock rampart, extending about 1.8 km offshore (slope of about 0.48° from the

shoreline to the 5-m contour).  Rock, resistant to erosion (Carter, 1976, Carter and Guy,

| 1983), creates a relatively stable (little downcutting) offshore environment. The

relati\}ely slow long-tém bluff recession rate k(0.4 m/yr. for Ashtabula County, Mackey

and Guy, 1994) may be due in part to the presence of the relatively stable rough rock




rampart in the offshore. Open-lake waves crossing this rampart break multiple times

before reaching shore thus dissipating some of their energy over a broad area.

The reach from Fairport Harbor to just east of Moss Pbint} (maps 4 and 6) has a wider
sand beach/balf system at the shore than the reach to the east (Pennéylvania—Fairport
Harbor). Lé,keward of the beach/bar sysfem is a thin band (200 m) of rock and a wider
(900 m) band of till and associated material. The outer half of the mapped area is
dominated by sand. In this reach the long-term erosion rafe increases slightly over that to
the east (fig. 7). The 5-m bathymetric contour is slightl$' closer to shore than along the
reach to the east (shore to 5-m slqpe, 0.57°). These differences (offshore deposits and
nearshore slopes) may represent a deepening of the nearshore that allows larger waves to

reach the bluff, allowing bluff recession rates to increase.

Offshore_ of Moss Point (map 6) is a narrow (100 m) beach/bar complex. ‘Nearshore rock
(to about 800 m), till and related sediments (from 800 m to 1400 m), give way to muddy
sand and sand deposits offshore. The 5-m contour is close to the shore (abdut 400 m) but

the recession rates are slow (fig. 7, Mackey and Guy, 1994). The difference between thisv

area and the rock-dominated nearshore area from Pennsylvania to Fairport Harbor is that

‘here even the bluff is rock; thus, even though more wave energy may reach the bluff the

resistant rock results in low bluff recession rates.

The nearshore sedimeﬁts from Euclid Creek to the WeSt side of the Clevéland harbor

complex (mé_ips 6 and 7) are dominated by sand and muddy sand. The eastern half of the
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reéch, which is not protected by thé strongly reinforced Cleveland breakwater, has a
relatively rapid long term bluff recession fate (0.5 m/yr., Mackéy and Guy, 1994) when
compared to the Moss Point area (0.1'm/yr.), even though it has had some shore
protection since the 1930°s (Carter and Guy, 1986). The slope, from the shoréline to the
5-m contour, is the same along this reach as it is in front of Moss I;oint but the difference
is that the bluff is not made of rock and that the nearshore‘sediments can be mobilized

during storms.

From the west side of Cleveland to Cranberry Creek (maps 7-11) the sand beach/bar

system varies from 0 to a couple of hundred meters wide. Rock dominates the inner 1.5 -

km of nearshore deposits with mud exténding ouit to the edge of the mapped areas. The

exception to this is between just east of Lorain to Beaver Creek (map 10) where till and

related sediments dominate the area beyond the beach/bar system. The average bluff
recession rates appear to correlate with bluff composition and the exposure of rock on the

lake bottom. Where rock dominates the bluff and the inner nearshore, rates are relatively

- slower in comparison to those areas where till and unconsolidated sediments are

dominant (fig. 7; Mackey and Guy, 1994).

The reach from Crahbe,rry’Creek to Sawmill Creek (map 11) has a reasonably well

devélopéd sand beach/bar system. The sand deposit is widest where it is trapped on the

| updriﬁ side of the Huron harbor protection 5tructure. ‘Beaches and bars are absent alonga

short stretch of shore just west of Huron where rock dominates the nearshore. Lakeward

~ ofthe Beach/bar system (extending out 1 km from shbore)‘th'e sediments range from till
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and related deposits at the east end, to sandy mud at the west end of the reach. Generally,
mud extends out, from one km from shore, fo the edge of the mapped area. The eastern
part of this reach, with till offshore of the beach/bar system, has a long-term recession
rate of only about O.l m/yr. A wide sand beach, trapped ih_by the Huron jetty, protects
the bluff just east of the harbor structure from recession. The area ‘downdrift (west) of the
Huron harbor structures, including the area of nearshore rock, khas an average recession
rate of about 0.2 m/yr. “This slightly more rapid bluff recession rate is presumably
because it is downdrift from a large structure and because the bluff is generally made up

of laminated till and lake clay.

Along most of the reach west of the NASA pump station to Cedar Point (map 11 and 12),
a sand beach/bar system fronts a shore of dﬁnes (some ﬁrotected some not). The ’
beach/bar system Qaries in width’frém zero, at the pump station, to more than 200 m, at
the Cedar Point jetty. A band of muddy sand extends about 400 meters lakeward from -
the outer edge of the sand deposit along most of this reach. Lakeward of the muddy sand,
mud extends oﬁt to the edge of the mapped area. The areaj hst weét of thei pump station
ﬁas the highest long-term recgssion rate (about 3.8 m/yr.) between Conneaﬁt an\d
Sandusky (Mackeyfand Guy, 1994). Hére a low sand barrier was pushed back into a

- marsh. To the west, recession'rétes decline to-about 0.2 m/yr. where fhe shore is

‘ protected by both riprap and the sand beach/bar system.

- The area off Bay Point (map 12) has a sand beach/bar syStem that is about 800 meters

wide, Muddy san& extends from thé edge of the sand to the outer edge of the mapped
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area. This reach has a iong fetch from the northeast and has the greatest long-term bluff
recession rate, about 5 nl/yr., in Ohio’s central basin area (fig. 7). However, this rate is
not directly comparable to Fthose elsewhere along the shore because it represents retreat of
the vegetated upland and movement éf a sand spit rather than permanent loss of cohesive
bluff material. Along this reach the recession rates and the enviroﬁments are very similar
to those just west of the NASA pump station where the sand barrier was pushed back into
a marsh.

From Point Marblehead to Rock Ledge (map 13), all the units (table 3) are present in a
complex distribution. The bluff, shore and nc::arshore areas are dominated by rock except |
in the East Harbor to Westharbor area where a 400 m wide barrier sand beach/bar
system is present. ReceSsion along this whole reachkisi iow (<0.5 m/yr.), even in the area
fronfed by the beach/bar systeni. The low rate may be due, in part, to exposures of rock
in the bluff and also Just offshore in relatively shallow 'water. In addition, west of East -
Harbor the fetch lengths for storm waves to build are greatly reduced when compared to

““those found in the central ba'sin. '

From Ro?:k Ledge to Little Cedar Point (maps 13-16) the nearsho_fe is dominated by a 300
m wide sand beach/bar complex; It is widest (about 800 m) just east of Port Cliﬁton and
é.t the West‘ end of Little Cedar Point. Both of the‘se‘ are areés of net ac'cumulation; In
many afeas 2200 to 800 m §Vide strip of till and till related deppsits lie lakeward of the
sand beach/bar complex. »Muddy sand makes ﬁp tﬁe majority of the bo_ttorhf lakeward of

the till extending outward to the_ edge of the mapped area. Interpretations of the 3.5 kHz
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records suggést thatbmany of the areas of muddy sand are actually areas with a thin lag on
the till surface. Long-term recession rates from Port élinton to Little Cedar Point are
generally 1-2 m/yr. along this low shore dominated by till and till related materials (fig.
'Z). This rate could have been expected to be eveﬁ greater given the bluff materials and
height, but it may be hel’d down due to a combination of the relativ;ely short fetch and

shallow water nature of the whole western basin.

The high long-term recession rate at Little Cedar Point is again not representative of area
rates because, as at Bay Point, it represents the movement of a sand spit/barrier beach
'compvlex, not the permanent removal of cohesive shore materials. Many other peaks on
the rec_essioh plot (fig. 7), such as at Mentor, west of the NASA pump station, and Potters

Pond, also are associated with the récession of these low sandy barrier beaches.

GENERAL OBSERVATIONS ON NEARSHORE SURFICIAL MATERIAL
| DISTRIBUTION |

Data from the 1970’s county shore efosiOn reports suggest that most of the ma._inland-
shoreline is still dominéted bya modem sand beach/baf system. This system variés
greatly in widfh but is narrowest'aldng rock bluffs and widest where it is trapped on the
updrift side Qf harbor protection étrucuires; Large sand deposits near the outer edge of
the mapped area are limited to between Fairport Harbor and Cleveland-‘,. These inéy be
relic sand deposits associated with both thé Grand River delta (Carter, 1984) and the

Erieau cross-lake moraine (Fuller and othefs, 1994).
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Bedrock outcrops on the bottom, offshoré from the sand beach/bar system, from
Conneaut to F airport Harbor, at Moss Point, and from west of Cleveland to Cranberry
Creek. These are areas of outcrop of the Devonian tho Shéle in the bluffs and at, or
near,ywbater level. The other outcrop of rock is in the Marblehead té) Rock Ledge reach.
This reéch is associated with the shoreline outcrop of the Silurian and Devonian
carbonates. The distribution of outcrops ié presumably controlled by the elevation of the

rock surface. The rock surface should be somewhat resistant to downcutting, compared

to the other surficial deposits, so that once it is exposed on the lake bottom, the potential

for cohtin_ued downcutting is reduced. These outcrop areas are presumably kept clean of

modern sedimentation by wave and current action.

Till and till related sediments often outcrop along ‘the lakeward edge of many of the rock
outcrops. They also outcrop in aband west of Lorain and offshof_e of the beach/bar
system m the western basin. Oﬁ shore the common sequence of deposits is till overlying
rock. Pfesﬁmably what is exposed in the offshofe is sifnply the tvill'thafhasb nbt been |
stripped off the slopihg rock surface, but is kept swépt clean of Vrecent sediments by the
wave and current actién. The outcrop west of Lofain seems to be part of the Pelee-Lorain
cross-lake moraine. The outcrops in the wesiem basiﬁ are shallow areas swept clean of

moderh se’diinents that 1ie between the modern littoral beach/bar system and the slightly

deeper area where modern sedimentation is ocCurrix(lgv in the basin.
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The distribution of the mud and sandy mud is nearly always at the outer edge of the
mapped area. These are interpreted to be thé recent sedimentation that is the classic
depositional infilling of the lake basin. Sources for these sediments include shore

erosion, nearshore downcutting, and input from streams and rivers.

The major harbors are dominated with modern sediments. This is because the harbor
protection structures are modifying the littoral drift and deposition is occurring. In
addition the fluvial input continues to add recent sediments to the harbor areas as

evidenced by the need for continued dredging the navigation channels.
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Table 1. - Summary of shore-parallel trackline cruises.

CRUISENUM. M/YR  AREA~ R/V LINENUM. NUAT.MI
LEGS 2893 893 Ashtabula GS-1 36-47 148
LEGS18-94 894 Sandusky to Toledo Gs-1 D 112
LEGS19-94  9/94 Cleve. to Sandusky GS-1 1-15 192
LEGS1 895 895 Toledo to Conneaut GS-1 162635 334
| | | 48-54
LEGS3 895 8/95 Conneaut to . GS3 1726 _60
Cleveland |

total 8’46 néutical miles
| 1570 kilometers

Table 2. - Specifications for a typical nearshore seismic cruise'.

Duration: seven to nine days
Personnel: 2-3 people

Mobilize & demobilize: one day

Work dayS: | 63% of available field time (37% down time mostly due to weather)
Work platform: R/V GS-1, 48-foot, steel, modified trap net design ' |
’ RV/GS-3, 25-foot, aluminum, shallow-draft, work boat
‘Towing speed: 4.8 knots (8.9 km/hr) |

Electronic equipment: 3.5kHz seismic system»(GS-l only)
» Geopulse boomer. (GS-1 only)
ITT hydrophone array (GS-1 only)
Klein sidescaﬁ sonar, 100 kHz
Loran—C’navigation with computer interface |

Various recorders, clocks, timers, ect.

! Trade names used in this report are used for descriptive purposes only and do not constitute endorsement
by the U.S. Geological Survey or the Ohio Geologlcal Survey.
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Table 3. - Relation of sediment unit to sidescan-sonar-record backscatter intensity and

3.5kHz seismic-reflection record character.

SIDESCAN SONAR RECORD

SEDIMENT

Mud Low backscatter, little
reflection

(with gas) = High backscatter

Muddy sand = Intermediate to strong backscatter»,'
few surface features

Sand/silt Intermediate backscatter,
complex surface, fairly
consistent backscatter

Till, Intermediate to high backscatter,

laminated till, strong reflections,

glacial lake clay complex"ksurfa'ce |
High backscatter, dark complex

 Rock

pattern, bedding planes in shale
surface

3.5 kHz REFLECTION RECORD

Internal reﬂéctors, no water bottom

multiple

Strong reflectors - poor penetration,

strong water bottom multiples

Intermediate reflectors, may have

internal reflectors

‘Smooth surface, few to no internal

reflectors, some multiples

Many internal reflectors and rough
surface, to no internal reflectors and

smooth surface, multiples common

Sharp hard reflector, rough surface,

multiples very common
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. F1g 2 Rock outcrop as seen on the 31descan
' sonar (top) and 3.5 kHz seismic-reflection (bottom) sidescan sonar 3.5 kHz
B records. For interpretation see table 3. B
y Cnuse LEGS 1 9/94, line 9.

I Time lines = 1 minute 50m 10m
Sidescan range = 200 meters each side

(400m swath) ;
3.5 kHz range = 40 meters 50m ‘ 50m
- Assumed sound velocity = 1,500m/sec
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F.ig. 3 Till oﬁtcrop-as seen on the side scan .
sonar (top) and 3.5 kHz seismic-reflection (bottom) sidescan sonar 3.5 krI:Iz
records. For interpretation see table 3.

Cruise LEGS 1 9/94, line 9.

e

50m 10m
Time lines = 1 minute

Side scan range = 200 meters each side ‘ |
~ (400m swath) 50m | 50m
3.5 kHz range = 40 meters ' o
Assumed sound velocity = 1,500m/sec
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Fig. 4. Sand outcrop as seen on the sidescan
sonar (top) and 3.5 kHz seismic-reflection (bottom)
records. For interpretation see table 3.
Cruise LEGS 1 9/94, line 9.

Time lines = 1 minute

Sidescan range = 200 meters each side

' (400m swath)
3.5 kHz range = 40 meters
Assumed sound velocity = 1,500m/sec

sidescan sonar

50m

50m

3.5 kgz

10m

~50m



o o Sldescan sonar record

R Rbeulii L P g L= U ST

Fig. 5 Muddy sand outcrop as seen on the sidescan
sonar (top) and 3.5 kHz seismic-reflection (bottom)
records. For interpretation see table 3.

- Cruise LEGS 1 9/94, line 9.
Time lines = 1 minute
Sidescan range = 200 meters each side
(400m swath)
3.5 kHz range = 40 meters
Assumed sound velocity = 1, 500m/sec

50m

" 'SCALES
sidescan sonar

50m _

e,

3.5kHz

10m |

~50m
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Fig. 6.
sonar (top) and 3.5 kHz seismic-reflection (bottom)
records. For interpretation see table 3.
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3.5 kHZ seismic record.

outcrop as seen on the sidescan

Cruise LEGS 1 9/94, line 9.

Time lines = 1 minute

Sidescan range = 200 meters each side

3.5 kHz range = 40 meters

Assumed sound velocity = 1,500m/sec

(400m swath)

sidescan sonar

50m

50m

3.5 kHz

10m
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